Density functional theory simulations were used to study Sn defect clusters in the oxide layer of Zr-alloys. Clustering was shown to play a key role in the accommodation of Sn in ZrO 2 , with the {Sn Zr :V O } × bound defect cluster dominant at all oxygen partial pressures below 10 -20 atm, above which Sn Zr × is preferred. {Sn Zr :V O } × is predicted to increase the tetragonal phase fraction in the oxide layer, due to the elevated oxygen vacancy concentration.
M a n u s c r i p t neutronic, structural and corrosion properties. The first alloy regularly used 4 in power reactors was Zircaloy-2, which contains 1.2 wt.% Sn [1, 2] . Sn was 5 originally included as a way to mitigate the detrimental effect on corrosion 6 associated with the N and C impurities present in the Zr-sponge, however Sn 7 was also found to improve strength and creep resistance, and was included Modern Zr-sponge contain significantly less impurities, and it has been defect. The overall charge on the cluster was varied from -2 to +2 so that the 78 M a n u s c r i p t
Sn ion is able to assume a range of possible oxidation states. Defect formation 79 energies (E f ) were calculated for each defect simulated using the methodology 80 outlined in [8] . The calculated formation energies for each isolated defect
81
were then used to approximate the interactions between multiple defects, as 82 would be expected in a real oxide layer.
83
In any given defective cell, the sum of all defects multiplied by their charge 84 must equal zero, since there is no overall charge on the crystal. This can be 85 expressed as follows:
where the first term is the sum of the charges of all ionic defects (q i is the Previous work, investigating the behaviour of Sn in tetragonal ZrO 2 , sug-
127
gested that Sn can exist in both 2+ and 4+ oxidation states in the tetragonal 128 phase and that the influence of oxygen vacancies could be significant [8] . trigger a transformation of the tetragonal phase into the monoclinic phase.
183
The tetragonal to monoclinic phase transformation is associated with a 4% A c c e p t e d M a n u s c r i p t 
